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ABSTRACT 

Using the infrared-renormalon approach, we obtain the constraints on the 
next-to-leading order non-singlet polarised parton densities. The advocated 
feature follows from the consideration of the effect revealed in the process 
of the next-to-leading order fits to the data for the assymetry of polarised 
lepton-nucleon scattering which result in the approximate nullification of the 
l/Q 2 -correction to A? (x,Q 2 ). 

The study of the QCD predictions for the photon-nucleon asymmetry 
A¥ = 171/2 , a&/2 , where subscripts denote the total angular momentum of the 

1 0"l/2+0"3/2 r ° 

photon-nucleon pair along the incoming lepton's direction, plays the essential 
role in the analysis of polarised deep inelastic scattering (DIS) (see e.g. Ref. 
PP). It is related to the well-known structure function g± of polarised DIS 
by the following way 

<(^HU + 7 2 )|gg (i) 

where the kinematic factor 7 is defined as 7 = (4M^x 2 / 'Q 2 ) and g\{x,Q 2 ) 
is the structure function (SF) of polarised DIS, while Ff(x,Q 2 ) SF enters 
into the cross-section of unpolarised charged lepton-hadron DIS (see e.g. Ref. 
0). Quite recently several procedures of the study of the Q 2 -behaviour of 
were discussed in the literature (see Refs. jSJ-iHl)- Moreover, in Refs. 
El 121 by fitting existing CERN, DESY and SLAC data for polarised DIS 
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Figure 1: The results of extraction of h Al (x) from the next-to-leading order 
fits of Ref. [2] in the JET scheme [7j . 

in the kinematic region 0.005 < x < 0.75 and 1 GeV 2 < Q 2 < 58 GeV 2 the 
1/Q 2 dynamical power correction to was extracted. In general it gives 
additional contribution to the perturbation theory part of (A^)pt and can 
be parameterised as 

Af(x,g 2 ) = (Af(x,g 2 )) PT + ^^ . (2) 

It is interesting, that in the process of the fits of Refs. El E] it was found 
that the x-shape of h Al (x) is consistent with zero (see e.g. Fig.l from Ref. |2|). 

In this note we are describing the possible consequences of this effect in 
the non-singlet (NS) approximation, which is valid for the x-cut x > 0.25. 



Our consideration will be based on the infrared-renormalon (IRR) approach, 
developed in QCD in Ref. [S] and reviewed in detail in Ref. jU]. This 
approach was used in Ref. fU] to study the behaviour of the 1/Q 2 corrections 
to the NS contributions to F 2 and F\ SFs of unpolarised DIS of charged 
leptons on nucleons and the pure NS xF$ SF of vN DIS using MS-scheme 
calculations 1 . It is interesting that the predicted in Ref. ^U] x-shape of the 
IRR induced power corrections to xF 3 was supported in Refs. O C3] by the 
leading order (LO) and next-to-leading order (NLO) fits to CCFR'97 data 
( the detailed description and refinements of the fits of Ref. |T2] is given 
in Refs. |14[ ITS]). Therefore, it is worth to consider the consequences of 
calculations of the IRR contributions to the NS part of g± SF of polarised 
deep- inelastic scattering, which was also performed in Ref. [TU] . 

Let us rewrite Eqs.(JT]),(0) m the following way 

^(x,g 2 )(i + ^M 

i^(x,Q 2 )(l + 



A = (1 + 7 ) — — — — - (3) 



hfl (x) 
2 F?(x,Q 2 ). 



where h 91 (x) / Q 2 and h Fl (x) / Q 2 are the model- independent parameterisa- 
tions for the twist-4 contributions to g± and Ff SFs, which in general are 
non-zero. Using the above mentioned effect of approximate nullification of 
the twist-4 correction to A± we get 

h 9l (x) ^ h F -{x) 
Q 2 <?f(x,Q 2 ) ~Q 2 F 1 N (x,Q*) • {) 

At the next step we will use the existing inequality for gi(x, Q 2 ) SF, namely 

|^(x,g 2 )|<Ff(x,g 2 ) . (5) 

Combining it with Eq. (|IJ) we arrive to to the following bound 

\h 91 {x)\ < \h Fl (x)\ (6) 



It should be stressed that the calculations of Ref. JTUj predict that in 
the NS approximation (or in the valence- quarks approximation) the contri- 
butions of the 1/Q 2 corrections to F\ and xF% SFs are the same. Indeed, the 

1 Note that we avoid considerations of the IRR renormalon free expansions in QCD 
coupling constants with the "freezing-type" behaviour at small Q 2 (see Refs. 



corresponding results of Ref. ^U] can be re-written in the following way: 

h*(x,iM 2 ) = h*(x,v?)=4 l f-C^q^ix/z^ 2 ) (7) 

J x Z 

where 

C l {z) = - M \ +2(2 + x + 2a: 2 )-5^(l-x)-^(l-x) , (8) 
(1 -x)+ 

the '+'-prescription, for any test function, is defined as 

/ F(x)+f(x)dx= [ F(x)[f(x)-f(l)]dx , (9) 
Jo Jo 

and 

n f 1 n f 

q NS (x, /i 2 ) =E( e ?-^"E e ') A*') + ^> ^)) (10) 

i=i n ^ fc=i 

are the NS parton densities, fi 2 is the normalisation point of order 1 GeV 2 and 
A 2 is is the IRR model parameter, to be extracted from the fits to the concrete 
data. Its value was extracted from the low-energy xF 3 data, collected by the 
IHEP- JINR Neutrino detector at the IHEP 70 GeV proton synchrotron ^B] . 
(see also Ref. |T7| for a review). The result of Ref. 05] A' 2 =-0.W ± 0.09 
(exp) GeV 2 is in agreement with the value extracted from the NLO analysis 
of the CCFR'97 xF 3 data [1% namely with A' 2 =-0.125 ± 0.053 (stat) GeV 2 
[15j. It should be noted, that the identity of Eq. J7J) does not contradict 
point of view, expressed in Refs. [3J E] , that to study the Q 2 behaviour of 
Ai(Q 2 ) in the NS approximation it might be convenient to use the concrete 
xF% data instead of theoretical expression for Ff. 

Consider now the case of g± SF of polarised DIS. In general, the IRR 
contributions to were studied in Ref. |19j . In the NS approximation the 
IRR contributions to gf were calculated in Ref. [TU], where the following 
result was obtained 

h^(x,v 2 )=A 2 -C^A^ix/z,^) ■ (11) 

Jx Z 

Here A NS (x, /i 2 ) are the NS polarised parton densities, namely 

n f -. n s 

a ns (x, » 2 ) = E( e '-^E e i) ^ + A ^ v 2 )) (12) 

i=l f k=l 



and the IRR model coefficient function C\{z) is the same, as in the case of 
the IRR model contributions to the 1/Q 2 corrections for Fx and xF 3 SFs of 
unpolarised deep- inelastic scattering (see Eq. ©). As to the IRR model 
parameter A 2 , in general one should not expect that it has the same value 
as the parameter A 2 in Eq. (j7J). In principle, it should be extracted from 
the separate fits to gi data in the NS approximation. However, it is worth to 
stress, that in the NS approximation the IRR contributions to and 

F N 

are 

closely related (the similar feature was revealed while comparing IRR model 
contributions to the Bjorken sum rule for g± SF [20] and still unmeasured 
Bjorken sum rule for SF |2~T]). 

Using now Eqs. ©,(0) and Eq.(ll), we get the following constraint 

\A 2 A NS (x,^)\<\A' 2 q NS (x,fi 2 )\ (13) 

which is valid both at the LO and NLO. This constraint is the main result 
of our note. The consequences for its Q 2 -dependence can be further studied 
using the machinery of the DGLAP equations 

It is rather impressive that the NLO constraint of Eq. (13) is similar to 
the well-known LO bound of Ref. pQ, namely 

|A(x,Q 2 )| <q(x,Q 2 ) . (14) 

Moreover, Eq. (13) can be also transformed to the LO relation between the 
IRR model parameters of Eq. (3) and Eq. (7), namely 

\A 2 \ ~ \A' 2 \ . (15) 

We hope that it will be possible to check the relation of Eq. (15) using the 
fits of the concrete data for gi SF. 
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